ABSTRACT
INTRODUCTION
Electrophoresis is a common technique that can be used to separate macromolecules and derive the mass and molecular weight (MW) information of unknown band species, provided suitable standards are run in the experiment for comparison. The advent of digital imaging has provided a direct method for capturing gel images in a format amenable for analysis and subsequent presentation. The digitally formatted image can also facilitate corrective optimization, especially when common aberrations are present. The following discussion highlights four image-processing features within the KO -DAK1D software that facilitate corrective optimization for analysis and subsequent presentation of gel electrophoresis information.
MATERIALS AND METHODS
Protein gel electrophoresis was performed using Novex 10% Tris-glycine precast mini gels in an Xcell ™ apparatus (Invitrogen, Carlsbad, CA, USA). Protein standards were run out at 60-70 mA/150 V for 1 h to promote artifacts. Gels were stained with Coomassie ® blue for 1 h and destained overnight. Images were captured with the Electrophoresis Documentation and Analysis System 290 (EDAS 290; Eastman Kodak, New Haven, CT, USA). Uncompressed images were captured at the highest resolution (i.e., 1792 ×1200) using 1/60-s exposure. For nucleic acids, High DNA mass standard (Life Technologies, Rockville, MD, USA) was run in the odd-numbered lanes, and Hin dIII-cut λDNA (Eastman Kodak) was run in the even-numbered lanes on >>>>>>>>>>>>>>>>>> Figure 1 . Protein molecular weight standards run on a 10% Tris-glycine mini gel at high voltage and current to produce the smiling artifact. Gel stained with Coomassie blue and imaged with the EDAS 290. >>>>>>>>>>>>>>>>>>>>>>>>>> a 1% agarose gel containing ethidium bromide (1 µ g/mL final). Gels were run at 60 V for 2 h before imaging. Total band masses loaded for each lane are indicated (Table 1) . Digital images of gels were captured as described above using 3.5-s exposure. Ethidium bromide was excited using 312 nm UV light, and the emission signal was filtered using a 590 ± 50 nm bandpass filter. Lanes and bands were detected using automated algorithms in the KODAK 1D image analysis software version 3.5. Using linear regression, a standard curve was constructed consisting of unsaturated values (Table 2) from the High DNA mass standard in lanes 1 and 3. This function was then used to predict the mass values for both simple integration's and Gaussian modeled unknown band masses. Mass values that were not within one order of magnitude of the loaded values were not used. Asymmetric Gaussian modeling (1) was performed as described in the EDAS 290 documentation.
Product Application Focus

RESULTS
Isomolecular Weight Lines
Some of the most common irregularities seen on electrophoresis gels are horizontal aberrations or smiles ( Figure  1 ). In this instance, macromolecules in Figure 1 ).
Mass Curve Regression
Accurate estimation of unknown mass requires the generation of a reliable mass curve using known standards. In most cases, when a linear relationship exists between mass and intensity, linear regression analysis will produce a line function that has a high r 2 value reflecting the tightness of the fit of the data around the line. However, under certain conditions, nonlinear regression may provide a better fit for the data (i.e., higher r 2 value), yielding more accurate mass estimation for unknowns ( Figure 2 ). The KODAK 1D software allows you to group all known standards from multiple lanes on a gel onto a single graph and then will perform both linear and nonlinear (i.e., exponential, power, or polynomial) regression analysis to determine the best fit. The mass curve function also allows you to use mass values for standards derived using simple integration or derived through Gaussian modeling (see below) to determine the best possible fit.
Gaussian Modeling
Saturation is another problem that can arise with electrophoresis experiments, especially when a wide range of unknown masses is loaded onto a single gel. That is, in an attempt to gather enough signal from weaker bands, too much signal is collected from more intense band species. This can result in band species inappropriately being represented by maximum intensity values (i.e., 255 grayscale levels for an 8-bit system). The first approach in dealing with this type of situation would be to try and adjust the exposure time to keep the signal maximum from reaching the collection maximum for the system. When this is not achievable, Gaussian modeling can be used to more accurately describe the area under the curve representng the intensity profile for these individual bands. The approach is based on the application of the normal bell-shaped distribution and is described mathematically as y = ae -((xb)2/(c)2) , where a is the amplitude of the peak, b is the x value of the peak, and c is a characteristic width. Its general applications in electrophoresis have been discussed (2), and we have previously shown (3) that Gaussian modeling also improves the accuracy when estimating the area under the curve for bands that are closely spaced (i.e., poorly resolved as individual peaks). However, the Gaussian modeling function within the KODAK 1D software can also be used for estimating band areas for peak intensities that are saturated and appear clipped (i.e., not showing a normal bell-shaped distribution). As shown in Figure 3 , the KODAK 1D software allows for two approaches to be used when determining the area under curve of intensity versus band area. The first method involves simple integration where each band is enclosed with a rectangle and, after subtracting an estimate for the background contribution, calculates the net intensity of each band to derive the mass. In this approach, band intensities that are saturated (i.e., 255 grayscale levels) appear as clipped at the top. When the log of the derived mass values is plotted versus the log of the loaded values and regression analysis is performed (Figure 3, top) , the r 2 value is low (r 2 = 0.663). In contrast, when the band intensity data are modeled using an asymmetrical Gaussian algorithm and the values plotted versus the loaded mass values (Figure 3 , bottom), the subsequent regression analysis shows a much tighter relation between the data sets (r 2 = 0.994).
Image Display
Finally, the KODAK 1D Image Display function can be used to optimize the qualitative presentation of gel information, correcting for common problems with brightness and contrast, and to provide pseudo-color and other filtering enhancements to underscore the point to be made with the image. All manipulation is done while preserving the original data set so that there is no impact on prior or subsequent analysis. As shown in Figure 4 , bottom, the application of a 5 × 5 pixel gradient oriented NE to SW highlights the band area, providing a 3-D "feel" for the image.
CONCLUSIONS
Digital acquisition and representation of electrophoresis gel information can unquestionably reduce the amount of time necessary for subsequent analysis and presentation. However, care must be taken to ensure that electrophoresis experiments are designed correctly to optimize conditions beginning at level of the sample preparation/separation and proceeding through image capture and analysis. Often, ideal conditions for analysis do not exist, especially when varying loads over one to two orders of magnitude are run on a single gel. In the present study, we present several features of the KODAK 1D software that can greatly facilitate the workflow when gel conditions are reliable and help improve the accuracy of results when gel conditions are suboptimal. The results obtained demonstrate that modeling saturated band data using the principles of asymmetrical Gaussian mathematics can better approximate the real area under the curve and lead to more reliable mass estimates.
